Tellurite-based selective growth media are used for several bacterial pathogens. We found that, in Klebsiella pneumoniae, tellurite resistance is strongly associated with hypervirulent clonal group 23 (CG23), CG65, and CG86, providing a novel approach for screening environmental or carriage samples. The terW gene was also associated with these groups.
K
lebsiella pneumoniae is an important pathogen that poses increasingly severe therapeutic challenges due to the continuous emergence of multidrug-resistant strains (1, 2) . In parallel, severe invasive infections typically acquired in the community are increasingly reported and collectively regarded as being caused by hypervirulent K. pneumoniae (hvKP) strains (3) . Multidrug-resistant and hypervirulent K. pneumoniae isolates represent largely nonoverlapping populations (4) and belong predominantly to a few clonal groups (CGs), such as CG23 associated with liver abscess (5-7) and CG258 associated with production of the K. pneumoniae carbapenemase (KPC) (8, 9) . A better understanding of the epidemiological reservoirs of high-risk (i.e., multidrug-resistant or hypervirulent) K. pneumoniae clonal groups is needed to control their dissemination. Selective media that are used to screen environmental sources or animal and human fecal samples for the presence of K. pneumoniae include the MacConkey-inositol-potassium tellurite (MCIK) medium (10) and the Simmons citrate agar with inositol (SCAI) medium (11) . While these media rely on the ability of K. pneumoniae strains to utilize inositol (12) (13) (14) , the MCIK medium selects for resistance to tellurite (10) , whereas the SCAI medium relies on the ability of K. pneumoniae isolates to also utilize citrate (11) . Interestingly, tellurite resistance is found in several bacterial pathogens, including Yersinia pestis, Shigella, and enterohemorrhagic Escherichia coli (15) (16) (17) . Recently, tellurite resistance in Bacillus anthracis was linked to resistance against host defenses and to pathogenesis (18) . A prominent feature of hvKP strains is the presence of a large virulence plasmid, pLVPK (19) (20) (21) , which harbors the tellurium resistance genes terZABCDE and terW. The terW gene rescues E. coli cells from the toxic effect of terZABCDE (22) . The purpose of this study was to investigate the distribution of tellurite resistance among K. pneumoniae clonal groups.
A total of 154 isolates was selected to cover the known breadth of phylogenetic diversity of K. pneumoniae and related species (Table 1) . First, we included 123 strains belonging to K. pneumoniae sensu stricto, i.e., to phylogroup KpI (23, 24) . These strains were taxonomically classified by multiple gene sequencing (24, 25) and comprised 120 strains of K. pneumoniae subsp. pneumoniae, two strains of K. pneumoniae subsp. rhinoscleromatis, and one strain of K. pneumoniae subsp. ozaenae. The 123 K. pneumoniae strains were selected to represent a diverse set of clonal groups (4), as approximated by their sequence type (ST). A total of 38 strains of ST23, ST65, ST86, ST375, and ST380, which were previously associated with community-acquired invasive infections (4) (5) (6) (7) (26) (27) (28) , were included (hvKP subset). The remaining K. pneumoniae isolates represented 37 additional STs, thus representing a genetically diverse sample of the species (diversity subset). For comparative purposes, we included 19 Klebsiella strains of species other than K. pneumoniae (including 5 members of genus Raoultella formerly included in Klebsiella) and 12 other Enterobacteriaceae isolates belonging to the genera Salmonella, Citrobacter, and Kluyvera and to E. coli. Most isolates were from clinical specimens.
The MCIK medium was used to assess tellurite resistance, as described previously (10) . Briefly, MacConkey agar containing no lactose was autoclaved, dissolved, and cooled to 50°C and then completed with filter-sterilized myo-inositol (Sigma-Aldrich, Saint-Quentin Fallavier, France) to reach a 1% final weight/volume ratio and with 3 g/ml (final concentration) of filter-sterilized potassium tellurite (Sigma-Aldrich) before being poured into petri dishes. The SCAI medium agar plates were prepared as previously described (11) . Briefly, Simmons citrate agar cooled to 50°C was mixed with 1% (final wt/vol) filter-sterilized myo-inositol. The growth on these media was assessed by streaking colonies from a LB broth (18 h, 37°C) onto the selective medium plates and performing visual observation of colonies after 24 h (MCIK) or 48 h (SCAI) of incubation at 37°C. The presence of the tellurium resistance cluster in the genomes of isolates was assessed by PCR targeting of the terW gene, as described previously (21) .
Growth on MCIK and SCAI media and terW PCR results are presented in Table 1 . Of the 123 K. pneumoniae isolates, only 38 (30.9%) grew on the MCIK medium. Remarkably, of the 38 isolates in the hvKP subset, 28 (73.6%) were positive, whereas only 10 (11.8%) of the 85 isolates in the diversity subset were positive. The association of positive growth on MCIK with hypervirulence-associated STs was highly significant (chi-square test, P Ͻ 0.0001).
Furthermore, isolates of ST23, ST86, and ST65 were mostly positive (27 of 29, 93.1%), whereas isolates of ST380 and ST375 were mostly negative (1 of 9). These results demonstrate, among hvKP isolates, a strong association of positive growth on MCIK with ST23, ST65, and ST86 but not with ST375 and ST380 (P Ͻ 0.0001). Of the 31 non-pneumoniae Klebsiella isolates, only 2 (6.5%) grew on the MCIK medium: strain 07A044 T , the type strain of Klebsiella quasipneumoniae subsp. similipneumoniae (24) , and Klebsiella variicola strain 342, previously identified as K. pneumoniae (24, 29) . These results show the high selectivity of the MCIK medium for a subset of K. pneumoniae isolates.
Of the 123 K. pneumoniae strains, 31 (25.2%) were positive for terW on PCR. Twenty-seven (92.8%) out of 29 isolates of ST23, ST65, and ST86 were terW positive, whereas only 4 (4.2%) out of the 94 other isolates were terW positive (P Ͻ 0.0001). There was a very strong association of terW on PCR with growth on MCIK: among the 38 MCIK-positive strains, 31 were terW positive, whereas none of 85 MCIK-negative strains was positive for terW upon PCR (P Ͻ 0.0001). Of the 31 nonpneumoniae Klebsiella isolates, only K. variicola strain 342 was positive for terW on PCR (3.2%). The nearly complete agreement between the ability to grow on MCIK medium and positivity for terW on PCR suggests a direct functional link between the presence of the ter cluster and phenotypic resistance to tellurium in K. pneumoniae. However, seven strains (six K. pneumoniae strains and K. quasipneumoniae strain SB30) were terW negative on PCR but grew on MCIK. We confirmed the negative PCR result, including when tested in simplex PCR, on a novel subculture of these strains that still grew on the MCIK medium. The genomes of two of the discordant strains (SB4496 and SB30) were available (4, 24) and showed the complete absence of terZABCDE and terW genes. These data suggest the existence of other mechanisms of tellurium resistance. The analysis of the genome sequences of SB30 and SB4496 compared with reference strains that do not grow on MCIK did not reveal obvious candidate genes that could confer tellurium resistance.
Of 123 K. pneumoniae strains, 114 (86.3%) were positive for growth on the SCAI medium. Three of the nine negative strains belonged to K. pneumoniae subsp. rhinoscleromatis and K. pneumoniae subsp. ozaenae, consistent with previous observations (11) . The sensitivity of the SCAI medium for K. pneumoniae subsp. pneumoniae, therefore, was 92.5% (111 of 120). The six negative strains belonged to five distinct STs. All other Klebsiella and all Raoultella isolates were positive, whereas none of the other (non-Klebsiella) strains showed positive growth. These results demonstrate that the SCAI medium allows growth of Klebsiella isolates of diverse phylogenetic backgrounds and confirm the specificity of this medium for members of Klebsiella and Raoultella.
This work demonstrates that the MCIK medium allows growth of only a subset of K. pneumoniae isolates which are associated with invasive infections. Therefore, using this method for screening purposes is likely to severely underestimate the presence of K. pneumoniae, as was reported previously from studies in fresh and marine water (30) . Notably, isolates of multidrug-resistance-associated clonal groups CG14, CG15, and CG258 (including ST11 and ST258) did not grow on the MCIK medium. Selectivity for specific clonal groups calls for caution in interpreting the proportions of virulent clones among carriage of K. pneumoniae isolates when using the MCIK medium (27) . Although it was not its initial purpose, the MCIK medium turns out to represent a useful approach to selectively enrich for isolates belonging to clonal groups 23, 65, and 86 and to investigate potential sources, such as human carriage or environmental sources, of the severe infections they cause. Growth on the MCIK medium and terW PCR might be combined with existing PCR tests for identification of particular clonal groups (28, (31) (32) (33) (34) . In contrast, the SCAI medium allowed growth of almost all isolates of K. pneumoniae and appeared nonbiased with respect to clonal background. These features, together with its high sensitivity (11) , suggest that the SCAI medium therefore seems well suited to screen for K. pneumoniae carriage and to investigate the prevalence of K. pneumoniae clonal groups in varied sources.
The rise of hypervirulent K. pneumoniae clonal groups has stimulated studies into genomic determinants that could contribute to higher virulence than classical K. pneumoniae strains. It has been suggested that tellurite resistance is a collateral effect of an oxidative stress resistance phenotype, providing pathogenic bacteria with the ability to counteract host defenses (16, 18, 35) . Our results show that tellurite resistance is strongly associated with CG23, CG65, and CG86. Interestingly, these three clonal groups are most frequently associated with invasive community-acquired infections by K. pneumoniae (5-7, 26, 27) . The contribution of the ter cluster to the pathogenesis of K. pneumoniae infections deserves further study.
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